INTRODUCTION
As one of the most widespread and popular sports, artistic gymnastics has been part of the official programme of the modern Olympic games since its beginning in 1896. As such it has attracted much attention in science over the years and recently a new journal (Science of Gymnastics Journal) emerged and several scientific papers were published elsewhere (e.g. [10] ).
Artistic gymnastics is one of the sports (along with diving, figure skating and synchronized swimming) in which competition results (scoring and ranking of athlete's performance) heavily depend on the judges' evaluation. This is in contrast to some other sports, e.g. athletics, where results are recorded by precise technical instruments, or sports like basketball, where scoring is formally confirmed by the judge, but usually is not perceived as problematic by experts or spectators.
At first, in gymnastics competitions only one judge evaluated a gymnast, while nowadays at most important competitions there are more (up to six) judges evaluating execution (and artistry) and two judges evaluating difficulty, composition requirements and connection value. Difficulty judges determine their so-called D score
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Perhaps even more problematic are the systematic errors, i.e. frequent or consistent (under-or over-grading) departures of scores. They are usually expressed as the ratio between under-and over-grades (excluding ties) or as the average departure of a judge's score from the E score. The judge with the ratio closest to one or the smallest mean departure from the E score is considered the most unbiased.
Many types and reasons for bias of officiating have been hypothesized and empirically substantiated. Several authors [1, 18] have found (inter)national bias, i.e. higher scoring of gymnasts from the judges' own country and lower scoring of all others or just the closest competitors. A similar type of bias, home advantage bias, was also proven for the 1896-1996 Olympic Games [4] . Others [6, 11, 12] 
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Bias of judging in men's artistic gymnastics have found substantial overall judges' bias, i.e. systematic under-or over-scoring of judges. Several authors have reported sequential order bias [2, 7, 14, 15, 17] and open feedback / conformity bias [5] . Another bias was found based on the position of the judge in relation to the apparatus [16] .
The aim of this study was to evaluate overall and national biases in E-panel judges at one of the most important competitions in gymnastics, the 4th European Artistic Gymnastics Individual Championships for seniors, held during 6-10 April, 2011 in Berlin, Germany. As bias may be sometimes fictitious, i.e. it may actually express unreliability instead of validity of judging, especially when the number of competitors is small (e.g. in apparatus finals), reliability of officiating was also evaluated. An additional goal of the study was to compare the results of this study to official criteria of selecting and evaluating performance of judging, described in the 2009 FIG General Judges' Rules [9] , and to propose possible modification and refinement of those rules.
MATERIALS AND METHODS
E scores for all male gymnasts competing in any session (qualification, all around and apparatus finals) were obtained from the official book of results.
For each set of analysis we calculated statistics for the E score, item (individual judge) and scale (all judges together) scores.
The following reliability and validity measures were calculated: intraclass correlation, Cronbach alpha, Kendall coefficient of concordance W, and Armor's theta coefficient, which is based on the first (largest) eigenvalue from the principal component analysis of the correlations between judges' scores.
Nationality bias was calculated both as number of scores lower/ higher than the final E score and also as the average difference of the judge's E score from the final E score. As there were no judges of the same nationality as competitors in the apparatus final, nationality bias was not evaluated for that session.
Full blinding of the judges involved was undertaken. To protect the judges' and countries' anonymity, we randomly changed their position in the analysis from the book of results. All data were analysed with PASW Statistics 18.0.3 whenever possible, otherwise in Microsoft Excel.
RESULTS
Overall judges' bias. The bias of each judge was expressed as the (average) difference between the judge's E score and the final E score (Figure 1) . Most of the biases are within the +/-0.1 range.
In the qualification round, the largest positive bias (overestimation) was found for judge #5 (M=+0.14) on floor, while the largest negative bias (underestimation) existed in judges #5 and #6 on pommel horse (M=-0.16 and M=-0.15, respectively). In those two judges, also the standard deviation of the E score difference was high (over s=0. 3) , meaning that those judges not only systematically underestimated athletes' performance, but also that their judging was unreliable. Unreliable judgment was also found in some other judges with less biased judgment, e.g. judge #6 on rings and #4 on pommel horse.
In all-around finals by far the largest bias was shown by judge #1 on floor, whose absolute value of bias (M=-0.23) even exceeds the value of the standard deviation (s=0.19). A similar, but even more extreme case was judge #3 in high bar apparatus finals Bias of judging in men's artistic gymnastics from 3 (on floor) to 6 (on pommel horse) in all-around finals. There were no matching pairs in all-around finals on high bar. Also, no matching pairs in apparatus finals exist, as they are forbidden by the rules.
A small, but evident nationality bias exists when analysing all 112 "national" scores ( Figure 2 ). In 77 (69%) cases a judge of the same nationality as the competitor gave a higher execution mark than the final E score. In 6 cases the marks were the same, while only in 29 cases was the "national" judge E score lower than the final E score.
On 
DISCUSSION
In this study, we report the biases and reliability indices at one of the highest ranked male gymnastics competitions. Since different kinds of bias have been well known and documented for decades and the European Championship is one of the most important competitions, one would expect that nowadays bias in officiating would be minor or non-existent. Contrary to this expectation, both types of bias were found in our study.
Overall biases, expressed as the mean difference of judges' E score from the final E score, fell in most cases within the +/-0.1 range and only in two cases exceeded 0.2 points. Even though these biases may seem small, they are relatively large when compared to the small variability of individual E scores for a single competitor.
Besides this, since the differences in final E scores between competitors are generally small, even small biases may result in a change of competitor's rank in the result list, which is most problematic for the medal positions.
It seems that biases are somewhat higher in apparatus finals than in qualification and all-around finals. However, as there are only eight competitors in event finals (compared to almost 100 in qualification and 24 in all-around finals), it is hard to conclude that in general event finals are the most biased session. This fact is also expressed in the Kendall W coefficients, which are highest in event finals, although none of them is statistically significant, while 4 coefficients in qualification and two in all-around finals were significant at the 5% level. Again, no actions were taken against this judge; on the contrary, as none of the scores of this judge were outside the allowed deviation from the final E score, his officiating was marked as excellent.
Comparing the apparatuses, by far the smallest biases were found in vault. This is probably not a surprise as officiating on vault seems most simple because only one "element" needs to be evaluated.
Scores for vault were found not only most unbiased, but also most reliable. The highest bias was found on floor. Again, it seems this finding is associated with the number of elements usually found in floor exercises, which is highest among all the apparatuses.
Overall bias was rarely computed in previous studies. The second type of bias, national bias, was greater than the overall judge's bias. In many cases average over-scoring of a competitor from the same country as the judge exceeds the final E score by more than 0.1 point and even 0.2 point. Although this result may be somewhat unreliable due to the small number of competitors, a consistently positive bias was found in all apparatuses and in both sessions (qualification, all-around finals) and also from judges from all countries with more than three competitors of the matching nationality. The results found may also be considered statistically significant, as the probability for 77 or more over-scores in 112 independent (unbiased) "trials" is close to zero (p<0.001).
The results of the study are concordant with previous studies of national bias, although it seems that the bias is becoming smaller. In contrast to overall bias, there is no doubt about the consequences of national bias. In the qualification session, it is obvious that national bias may influence qualifying for apparatus finals.
In all-around finals the consequences are not so dramatic, as all 36 judges were of different nationalities, and all the competitors except one were judged by one and only one judge of the same nationality.
As the Code of Points [8] does not allow judges of the same nationality in apparatus finals, no national bias (as defined here) exists in that round. But again, similar kinds of bias (e.g. neighbouring countries, countries with the same or similar political, ethical or religious structure, etc.) may still exist in any session of the competition.
As bias may be inflated by unreliable officiating (especially in apparatus finals, where only eight competitors take part), reliability indices were also computed. However, it was found that reliability was high. With the exception of rings in all-around finals, all Cronbach alpha and intraclass correlation coefficients were higher than 0.94.
These indices are in concordance with those found at the World Championship in London 2009 [3] , where all Cronbach alpha coefficients were at or above 0.94.
CONCLUSIONS
The scores given to male gymnasts at the European Championship In this study we quantified and explained the causes and consequences of biases in officiating at one of the most important gymnastic events. But in some cases, available data and former studies do not allow us to fully evaluate all possible biases. Therefore further studies are needed for such evaluation, and rule changes are needed to minimize the impartiality in gymnastics officiating.
